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ABSTRACT

This report sunmarizes activities in 1986 to determne the
significance of predation on juvenile salmonids in John Day Reservoir.
To estimate consunption of juvenile salnmonids we used the conposition
of the natural diet of predators collected in the field and in the
| aboratory determned rate of gastric evacuation by predators.

Sal monids were the single nost inportant food item (by weight) for

nort hern squawfi sh (Ptychocheil us oregonensis) at MNary tailrace

during all sanpling periods and at John Day forebay during July.

Sal noni ds accounted for 23.7% of the diet of walleye (Stizostedion

vitreum vitreun) in July 1986, which was higher than in previous years

(al though the sampl e size exanmned was |ow). Sal nonids contributed

little to smallnouth bass (Micropterus dolomieui) di et but conprised

about 25% of the diet of channel catfish (Ictalurus punctatus).

Conposition of prey taxa in beach seine catches in July 1986 was

simlar to previous years with chinook salmn (Oncorhynchus

t schawyt scha), |argescal e sucker (Catostonus macrocheilus), and sand

roller (Percopsis transnontana) dom nating the catch.

Daily sal nonid consunption rate estimates per predator were

relatively high for northern squawfish, noderate for walleye, and |ow
for smallmouth bass. On an areal basis, salnonid consunption was

hi ghest at the McNary Damtailrace restricted zone in contrast to the
other predator species which exhibit negligible inpact there. On a
tenporal basis the highest consunption rates occurred June thru |late

July, with a pronounced maximum for northern squawfish in July. The



estimated for predators in John Day Reservoir are generally consistent
with values docunented in the literature for predacious fishes, i.e.

0.5 to 6.0% body weight per day.
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[ NTRODUCTI ON

The Seattle National Fishery Research Center of the US. Fish and
Wldlife Service (USFWS) is working in cooperation with the Oregon
Department of Fish and Wldlife (ODFW to determi ne the extent of
predation on juvenile anadronous sal monids by northern squawfish

(Ptychochei l us oregonensis), walleye (Stizostedion vitreum vitreuny,

smal | nouth bass (Mcropterus dolomeui), and channel catfish (lctalurus

punctatus) in John Day Reservoir. The three objectives which were
identified in the original USFWs proposal and schedul ed to be conpleted
in 1988 are:
1) Deternine the food habits, rate of consunption, daily ration,
and feeding activity of major predators.
2) Determine the pattern of prey selection of major predators as
a function of tine and reservoir habitat.
3) Estimate the rate of gastric evacuation of mmjor predators.
Fol | owi ng consul tation with personnel from ODFWand Bonneville Power

Admi nistration (BPA) additional objectives were added in 1984:

4) Determine the feasibility of regulating predation on juvenile
sal noni ds.
5) Devel op conceptual and predictive nodels of the predator-
juvenile salmonid relationship in John Day Reservoir.
This report includes progress in 1986 on activities by the
USFWS to neet the first three objectives, and during the year the

foll owing sub-objectives were addressed:



Conplete the collection of field data to estimate consunption

and describe food habits of northern squawfish, walleye,
smal | muth bass, and channel catfish at all sanpling |ocations

during July.

(btain detailed information to estimate consunption of

juvenile salnmonids by northern squawfish and channel
catfish in the MNary tailrace restricted zone (RZ) from

April - August.

Describe the composition, apparent abundance, and

distribution of prey fishes in John Day Reservoir in July.

Estimate beach seine efficiency in collecting various

prey species over different substrate types.

Estimate consunption of juvenile salnmonids by northern

squawfi sh and small muth bass, 1983-1985.

(btain data to determine if fish health may influence
prey selection of northern squawfish and channel catfish

inthe McNary tailrace RZ



METHCDS

Food Habits

Techni ques used to collect and process predatory fish and to
anal yze stomach contents were sinilar to those used previously (Gay
et al. 1986). The 1986 sanpling design, however, was nodified in the
follow ng ways: (1) all predators were sanpled for at |east three 24
hr periods only during July at John Day forebay, Arlington, Irrigon,
and McNary tailrace and (2) northern squawfi sh and channel catfish were
collected with a boat electroshocker and bottom gill nets at the MNary
tailrace RZ during eight 1 hr spill closures schedul ed every other week
from April 14 through August 7 (these sanmples were taken to gather
additional data on predation in the RZ and to collect freshly ingested
juvenile salnmonids for histopathblogical exanination).

The digestive tracts of northern squawfish collected from June 9
to August 1 were subsanpled for processing and analysis in order to
conplete this report in a timely manner. Ten fish were randomy
sel ected for processing from each station, sanpling period, and 6 hr

diel interval. Wen less than 10 fish were available all were anal yzed.

Abundance and Distribution of Prey Fishes

Prey fishes (< 250 mm) were collected during July using a 30.5 X

2.4 m beach seine constructed of 6.4 nmknotless mesh nylon, with a

2.4 mbag. Min channel littoral habitats were sanpled at

McNary tailrace, Irrigon, Arlington, and John Day forebay. Backwat er



habitats were sanpled at MNary tailrace (Plynouth slough) and Irrigon
(Paterson slough). Each sanpling station was seined tw ce during July;

sanpling and enuneration techniques followed Gay et al. (1985).

Peach Seine Efficiency

Seine efficiency estimtes were conpl eted during 1986 fol | owi ng
the procedures outlined in 1985 (Palnmer et al. 19861 with two
exceptions: (1)we added an additional site near Rock Creek (river
kiloneter 366) and did not conduct experinents in the Paterson area,
and (2) four to ten seine hauls were nade to renove the mpjority of
fish in the enclosure. Seine efficiency (SE) by species or genus

was cal cul ated by the equation:

SE =

T x 0.64

where (C) is the catch of a given species in the first haul; (T) is the
total number of that species renoved from the enclosure; and 0.64 is
the ratio of the area covered by the seine on the first haul to the
area enclosed by the block net.

Data collected during 1986 were conbined with the data
collected during 1985. At least three estimates were required to
obtain a mean efficiency. For statistical purposes, all estimtes were
normal i zed by an arcsine transformation. Since this transformation is

poor at the extreme ends of the range (ie. 0.00 and 100 percent),



the transformation was inproved by replacing the proportion

O(T x 0.64) with 1/[4(T x 0.6411 and (T x 0.64)/(T x 0.64) with
[-1/[4(T x 0.6411 prior to the transformation (Bartlett 1937). A
paired t-test was enployed to test the hypothesis that seine efficiency
for a given species was equal (P > 0.05) over fine (<2 mmdi aneter)

and coarse (2 - 250 nm diameter) substrates. If this hypothesis was
not rejected at the stated level of significance, a weighted nean
efficiency was calculated using the information from both substrates

(Zar 1984).

Consunption Estimates

Techni ques used for estimating daily consunption rates of
juvenile salnmonids by predators in John Day Reservoir were described in
Pal mer et al. (1986). The following is a nore detailed description of
the programs and stratification design used to make these estinmates,

i ncluding several nodifications of the 1985 techni ques.

Algorithms used in the data conversion programs to estimate
digestion time for each prey fish item are derived from evacuation
rate regression equations solved for time (Appendix Table 1). Nort hern
squawf i sh and snmal | nouth bass regression equations were devel oped by
Jean Beyer (1986) and equations for walleye by Wahl and N el son (1985)
and from Swenson (1972). The wal |l eye evacuation rate regressions were
deternmined separately for three prey size strata. Only one regression

equation (prey sizes conbined) was deternmned for northern squawfish

and smal |l mouth bass; therefore, it was necessary to adjust the



cal cul ation of digestion tine of individual prey fish by the ratio of
i ndi vidual prey weight to total stomach content weight.

Since Swenson's technique requires stratification of the diel
consunption calculation by prey size groups in order to accommodate
calculation of potential predators, 11 arbitrary prey weight classes
(10 g increments) were incorporated into northern squawfi sh and
smal | nouth bass progranms. |he walleye calculation was stratified by
the three weight classes pre-deternined by the design of the evacuation
rate experinments.

The total mass of food in a predator's stomach is an inportant
determinant for digestion rate. Thus neal Size is an inportant
variable for predicting digestion time of a given prey fish. Meal
size can be expressed sinmply as stomach content weight (g) or as a
rati o of stomach content weight to predator weight (nmg/g). The latter
expressi on standardizes the variable across predator sizes and
elimnates the need for predator weight to be explicitly incorportated
into the evacuation regression. A statistical di sadvantage of using
both neal size and individual prey weight as predictors, however, is
that individual prey weight is a (varying) conponent of stomach content
weight. As a result there is a lack of statistical independence anbng
predi ctors.

Meal size was calculated separately for each prey fish in the

stomach using the equation:

MBI ZE = NONFI SH + ORIGWI(1) + DI GAGT(I)*

where NONFI SA is the digested weight of all nonfish food itens; where



ORIGM(1) is the original weight of the given (i th) fish item and
DIGAGT(1)* is the digested weight of other prey fish, if that itemwas
within 20% of the percent digestion and 10% original weight of the

(i th) prey fish in question. Wlleye neal sizes are expressed in
ternms of my/g in accordance with the equation of Wahl and N el son
(1985); northern squawfish and smallnmouth bass neal sizes are

calculated in terns of weight (g) to be consistent with the evacuation

regressions for those species.

Time for 90% di gestion of each prey size group [DTIMESQK)I is
required for the calculation of potential predators. The evacuation
rate equations are nodified to perform this calculation;
speci es-specific algorithns are presented in Appendix Table 2. A neal
size termis prerequisite for the calculation of 90% digestion tineg;
mean neal size was enpirically determned by prey size group, for the
specific data set to be analyzed (Appendix Table 3). Percent digestion
is set to 0.9 (smallnouth bass and walleye), or total grans evacuated
is set to 0.9 tines the nean neal size of each prey fish size group
(northern squawfish).

Consunption estimates of juvenile salnonids and total prey fish by
fish predators in John Day Reservoir were calculated for waiieye,
northern squawfish, and smallnouth bass for 1983-1985, and the data
were analyzed by individual year as well as for the pooled three-year
sanple. The tabulations were stratified by cal endar nonth
(April-August) and by two reservoir areas-- MNary Damtailrace
restricted zone (RZ) and the remainder of the John Day Reservoir
(except for walleye). Walleye data were pooled over the entire

reservoir because of the snall sanmple size.
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Hi st opat hol ogy of Juvenile Sal nonids

Juvenile salnmonids for use in histopathol ogical studies were
collected from the Colunbia River below MNary Dam and from stonmachs of
northern squawfi sh and channel catfish collected in the MNary
tailrace RZ. Techniques used to preserve and process tissues,
including the eye, brain, digestive tract, kidney, liver, spleen,
heart, skin, nuscle, gill, and pseudobranch were simlar to those used

previously (Palmer et al. 1986).

RESULTS

Food Habits of Northern Squawfish

In 1986, 1,856 northern squawfish were collected for food habits
analysis. The digestive tracts of a subsanple of 626 northern
squawfish ranging from 103 to 539 mmin fork length (FL) were anal yzed
and 165 (269 of those were enpty (the other 1,230 digestive tracts
are still being analyzed). The percent occurrence and wei ght of food
items in digestive tracts of northern squawfish followed simlar
trends noted in previous years wth anphipods, crayfish, myflies, and
salmonids the nost frequently ingested itens respectively, with
sal nonids dominating the diet by weight (Table 1). The percent weight
and mean nunber of salnonid and non-salmonid fish in the diet generally
increased with predator length (Table 2). The smallest northern
squawfish to consune a fish was 247 nm FL, and the smallest to ingest a

sal moni d was 285 mm FL.



Table 1. Percent occurrence and weight of food itens in digestive
tracts of northern squawfish ranging in length from 103 to
539 nm (X=395.6 mn), collected from John Day Reservoir, April
14 to August 1, 1986. Sanple size and nunber of enpty
digestive tracts were 626 and 165, respectively.

Food Item Per cent Per cent
Cccurrence Wei ght
MOLLUSCA 0.7 to. 1l
Pel ecypoda -
Cor bi cul a manil ensi s 0.6 <0.1
Gastropoda 0.1 <0.1
CRUSTACEA 31.9 11.6
Anmphi poda 20.4 2.2
Ani soganmmar us spp. 1.5 <0.1
Cor ophi um spp. 19.9 2.2
Decapoda
Paci f astacus | eni uscul us 13.0 :
| sopoda 0.3 <0.1
| NSECTA 33.2 3.7
Ephener opt er a 21.7 1.2
Odonat a 0.1 <0.1
Orthoptera 1.5 0.6
Hemi ptera 1.1 <0,.1
Col eoptera 3.3 <0.1
Trichoptera 0. <0,1
Lepi doptera 1.5 0.7
Diptera 6.2 <0.1
Honopt er a 0.4 <0.1
Hymenopt er a 3.0 0.1
Uni dentified Insecta 7.3 0.8
AGNATHA
Pet romyzonti dae 0.4 0.2
OSTEI CHTHYES 37.8 85.5
Sal noni dae 28.5 66.9
Oncor hynchus t shawyt scha 21.8 48.5
Sal no gai rdneri 3.0 13.4
Uni dent1fTed Sal noni dae 3.6 5.0
Cyprini dae 0.7 1.3
Acrochei | us al utaceus 0.3 0.5
Myl ochei l us caurinus 0.1 0.8
Cyprinus carpio 0.1 to.1
Cat ost omi dae
Cat ost onus spp. 0.9 1.8



Table 1 (cont).

Per copsi dae
Percopsi s transnontana
Cent rar chi dae
Cottidae
cottus spp.
Lhdi enti fi ed Osteicht hyes

OrHER FOOD
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Tabl e 2.

fishes

Mean nunber (x #) and percent weight
and non-sal nonid (NSAL)

northern squawfi sh by predator |ength,

(% WI) of salnmonid (SA)
in the diet

of a subsampl e of

John Day Reservoir,

1986. Lengths are nidpoints of SO nm intervals. nunber

of digestive tracts anal yzed; E = nunber of enpty digestive

tracts.
FORK X # X# % \NT % \WI
LENGTH (nm) N E SAL NSAL SAL NSAL
125 2 1 0.0 0.0 0.0 0.0
175 2 1 0.0 0.0 0.0 0.0
225 14 3 0.0 0.1 0.0 3.3
275 50 12 0.1 <0.1 41.1 11.1
325 62 13 0.1 0.1 31.4 10.6
375 123 32 0.3 0.1 56.3 8.4
425 233 70 0.6 0.1 79.1 9.4
475 127 31 0.8 0.1 82.1 12.8
525 8 2 1.5 0.2 79.9 19.7

11



Fi sh and crustaceans contributed the nost weight to the diet of
large northern squawfish (250 - 550 nm FL) at McNary (MN), Irrigon
(IRR) and Arlington (ARL) during July (Table 3). Insects, prinarily
Lepi doptera, contributed about the same percent weight (44.9% as fish
for northern squawfish captured at John Day forebay (JDF). At stations
i mredi atel y above and bel ow dans, fish (prinarily sal nonids)
contributed much more weight to the diet (MN 96.3% JDF 42.5% than
did crustaceans (MN 2.4% JDF 11.0%. In contrast, fish contributed a
smal | er percentage of weight to the total diet at the md-reservoir
(IRR 40.0% ARL 27.7%, only a small portion of which were sal nonids
(IRR 0.00% ARL 6.12% . At these latter stations, crustaceans nade up
the largest percentage of weight to the total diet (IRR 43.5% ARL
61.2%).

The nean nunber of fish eaten by large northern squawfish during
July varied only slightly between stations, with the exception of
McNary (MN 1.2; IRR 0.2; ARL 0.1;JDF 0.2). The nean nunber of
sal monids eaten followed a similar trend as all fish in general (MN
1.0; IRR 0.0; ARL 0.0; JDF 0.1).

The contribution of fish to the diet of large northern squawfish
captured at McNary tailrace RZ from April 14 to August 1ranged from
84.9% by weight in June to 96.3%during July (Table 4). Sal nonids
contributed the majority of the total fish weight, ranging from 73.0%
in June to 89.4%in May;crustaceans contributed a nuch snaller
percentage, ranging from2.4% in July to 6.6% in April. The nean

number of fish in the diet increased fromO0.6 in April to 1.2during

12



Table 3. Percent occurrence, percent weight and nean nunber of food
itens in digestive tracts of large northern squawfi sh (250-549
mm FL) by station, from John Day Reservoir, June 30 to Aug 1,
1986. Sanple sizes and nunber of enpty digestive tracts
are in parentheses.

Station Food Item Per cent Per cent Mean
Cccurrence Wei ght  Nunber

McNary tailrace Mol | usca 0.0 0.0 0.0
(77,22) Crust acea 22.0 2.4 14.9

| nsecta 16.8 0.8 0.4

Ost ei ct hyes 49.3 96.3 1.2

Sal noni ds 42.8 86.1 1.0

Non- Sal noni ds 6.5 10.2 0.2

O her Food 2.5 0.3 to.1

[rrigon Mol usca 5.4 0.1 0.1
(37,11) Crust acea 29.7 43.5 0.5
| nsecta 35.1 7.4 0.6

Ost ei ct hyes 21.6 40.0 0.2

Sal noni ds 0.0 0.0 0.0

Non- Sal noni ds 21.6 40.0 0.2

O her Food 8.1 8.6 0.1

Arlington Mol | usca 0.0 0.0 0.0
(65,19) Crust acea 56.9 61.2 0.9

| nsecta 38.4 7.9 2.2

Cst ei ct hyes 12.3 27.7 0.1

Sal noni ds 3.0 1.7 to.1

Non- Sal noni ds 9.3 26.0 0.1

O her Food 7.7 3.0 0.1

John Day forebay Mol | usca 0.0 0.0 0.0
(77,25) Crust acea 14.2 11.0 11.5
| nsecta 46.7 44.9 8.6

Cst ei ct hyes 14.2 42.5 0.2

Sal noni ds 7.7 30.4 0.1

Non- sal noni ds 6.5 12.1 0.1

Q her Food 11.6 1.3 0.2

13



Tabl e 4.

Percent occurrence, weight and nean nunber of food itens in
digestive tracts of |arge northern squawfish (250-539 mm FL)
by sanple period fromMNary tailrace Restricted Zone, John

Reservoir, 1986. Sanple sizes and nunber of enpty
digestive tracts are in parentheses.

Dat e Food Item Per cent Per cent Mean
Cccurrence Wi ght Nurmber

Apr 14 - May 1 Mol [ usca 0.0 0.0 0.0
(119,251 Crust acea 41.1 6.6 26.9

I nsecta 37.8 0.7 0.8

Cst ei ct hyes 41.1 91.3 0.6

Sal noni dae 27.7 78.1 0.4

Non- Sal noni ds 13.4 13.2 0.2

G her Food 7.5 0.2 <0.1

My 2 - May 31 Mol | usca 0.0 0.0 0.0
(197,491 Crus tacea 30.4 2.8 15.2

| nsecta 28.4 0.8 0.8

Cst ei ct hyes 54.8 96.2 1.0

Sal noni dae 47.7 89.4 0.9

Non- Sal noni ds 7.1 6.8 0.1

G her Food 2.5 <0.1 <0.1

Jun 1 - Jun 29 Mol [ usca 6.6 1.8 0.1
(30,9) Crustacea 16.6 6.1 2.6

| nsecta 20.0 1.0 0.6

Cst ei ct hyes 46.6 84.9 0.8

Sal noni dae 36.6 73.0 0.7

Non- Sal noni ds 10.0 11.9 0.1

O her Food 16.6 6.0 0.2

Jun 30 - Aug 1 Mol | usca 0.0 0.0 0.0
(77,22) Crus tacea 22.0 2.4 14.9

| nsecta 16.8 0.8 0.4

Cst ei ct hyes 49.3 96.3 1.2

Sal noni dae 42.8 86.1 1.0

Non- Sal noni ds 6.5 10.2 0.2

O her Food 2.5 0.3 to.1

14



July; rmean nunber of salnmonids ingested increased from 0.4 in April
to 1.0 in July (Table 4).

Fish were an insignificant conponent of the diet for northern
squawfi sh 100 to 249 nm FL (Appendix Tables 4 and 5). As in
previous years, crustaceans and insects were the domnant food itens

of this size group at all sanple stations for all sanple periods.

Food Habits of Wlleye

Stomach contents of 74 walleye (collected in July) ranging from
206 to 805 mm FL (X = 359 mm) were anal yzed and twenty-two (29.7% of
the walleye collected had enpty stomachs. The diet of walleye was
conposed primrily of fish, accounting for over 99% of the total weight
of food consunmed during July (Table 5). Percposids accounted for the
hi ghest percent by weight (45.8% anong five famlies of fish
identified in the diet. Salnonids were the second highest percent by
weight at 23.7% with cyprinids contributing 20.6% cottids 7.3%
and catostonmids 0.5%

Fish conprised over 99% of the diet by weight during July at all
areas (Table 6). Percopsids (35.29% and cyprinids (31.4% were nost
important to the diet of walleye, however, salnonids did account
for 20.7% by weight. Nne walleye at Irrigon and seven walleye at
Arlington were captured during July with food in their stomachs. Fish
accounted for more than 99% of the diet by weight at both stations
(Table 6). Salnonids were less inportant in the diet at Irrigon (8.0%

than at Arlington (84.1%; no walleye were captured at John Day forebay.
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Table 5. Percent occurrence and weight of food itenms in stomachs of walleye
ranging in length from 206 to 805 nm (x = 359 MM collected from
John Day Reservoir, July 1986. Sanple size and nunber of enpty
stonachs were 74 and 22, respectively.

Food Item Per cent Per cent
Cccurrence Wi ght

CRUSTACEA 2.7 to.1
Anphi poda 2.7 to.1
Cor ophi um spp. 2.7 to.1

| NSECTA 14.8 0.2
Ephener opt er a 10.8 0.1
Col eoptera 1.3 to.1
Diptera 2.7 <0.1
Unidentified Insecta 2.7 <0.1
OSTSI CHTHYRS 68.9 99.7
Sal noni dae 29.7 23.7
Oncor hynchus tshawyt scha 2.7 4.9
Prosopi um w TTiansoni 1.3 0.6
Unidientified Salnonidae 16.2 5.1
Q/pri ni dae 16.2 20.6
Acrocheilus al utaceus 15.4 11.4
I\/ynrhpi | ys caurinus 5.4 6.5

Ri chardsoni us bal t eat us 5.4 2.5

Cat ost oni dae

Cat ost omus spp. 1.3 0.5
Per copsi dae
Percopsi s transnmontana 18.9 45.8
Cottidae
Cottus spp. 4.0 7.3
Unidentified non-Sal moni dae 4.0 1.6
Unidentified Osteichthyes 1.3 0.1
OTHER FQOOD 1.3 <0.1
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Tabl e 6.

Percent occurrence,
food items in stomachs of walleye by station from John
Day Reservoir,

enpty stomachs are in parentheses.

July,

per cent

1986.

wei ght,

and mean nunber

Sanpl e size and nunber

of

of

Dat e Food Item Per cent Per cent Mean
Cccurrence Wei ght Nunber
McNary tailrace Mol | usca 0.0 0.0 0.0
(55,191 Crust acea 3.6 to.1 0.1
I nsecta 10.9 0.2 0.7
st ei ct hyes 63.6 99.7 1.0
Sal noni ds 27.2 20.7 0.3
Non- Sal nmoni ds 36.4 79.0 0.7
G her Food 0.0 0.0 0.0
lrrigon Mol | usca 0.0 0.0 0.0
(10,1) Crust acea 0.0 0.0 0.0
I nsecta 20.0 0.1 0.2
st ei ct hyes 90.0 99.8 2.7
Sal noni ds 20.0 8.0 0.4
Non- Sal nmoni ds 70.0 91.8 2.3
G her Food 0.0 0.0 0.0
Arlington Mol | usca 0.0 0.0 0.0
(9,2) Crust acea 0.0 0.0 0.0
I nsecta 33.3 0.1 0.3
st ei ct hyes 77.7 99.8 1.0
Sal noni ds 55.5 84.1 0.6
Non- Sal nmoni ds 22.2 15.7 0.4
O her Food 0.0 0.0 0.0
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Food Habits of Smallnmuth Sass

Stomach contents of 955 smallnmouth bass ranging from 82 to 452 mm
FL (x = 219 mm), were exam ned; stomachs of 109 fish were enpty. Fish
and crustaceans were the najor food itens by weight in the diet of
smal | nouth bass during July, contributing 76% and 22% by weight to the
diet (Table 7). The primary fish taxa consuned by wei ght were cottids
(23.4%, catostomds (22.3%, and cyprinids (12.3% . Sal nonids
accounted for 6.7% by weight of the smallnouth bass diet. Crayfish
conmprised over 99% of the crustaceans consumed.

The mean nunber of fish ingested was generally greater for
larger snallnouth bass (Table 8). The percent weight of salmonids in
the diet was highest in smallmuth bass ranging from 150 to 299 mm FL.
However, the nean nunber of sal nonids consumed per snallnouth bass was
0.1 or less for all length groups; the snallest bass to ingest a
sal nonid was 140 nm FL.

The percent weight of fish in the diet of smallmuth bass
decreased as the percent weight of crustaceans increased (Table 9). At
McNary tailrace and Irrigon, the percent of fish consumed was 97.3% and
94.7% while the percent weight of crustaceans was 1.0% and 2.7%
respectively. At Arlington and John Day forebay, the percent weight of
fish decreased to 58.1% and 61.5% and the percent weight of
crustaceans increased to 40.8% and 37.2% respectively. The nean
nunber of fish consuned per smallnmouth bass was correspondingly higher
at McNary tailrace (1.1) and Irrigon (1.2) than at Arlington (0.7) and

John Day forebay (0.4).
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Table 7. Percent occurrence and weight of food items in stomachs of
smal | nouth bass ranging in length from 82 to 452 mm FL

(x =219 mm, collected from John Day Reservoir, July 1986.
Sample size and nunber of enpty stomachs were 955 and

109, respectively.

Food Item Per cent Per cent
Cccurrence Wi ght
MOLLUSCA 0.6 to.1
Pel ecypoda 0.6 <0.1
Corbicula manilensis 0.1 <0.1
Gast ropoda 0.5 <0.1
CRUSTACEA 50.2 22.4
C adocer a 6.5 <0.1
Anphi poda 19.0 0.1
Ani soganmar us SPP. 8.6 <0.1
Cor ophi um spp. 14.8 <0.1
Unidentified Anphipoda 0.1 to.1
Decapoda 39.0 22.2
Paci fastacus | eniuscul us 37.1 22.2
Copepoda 1.7 to.1
| sopoda 0.2 <0.1
| NSECTA 32.9 0.7
Ephener opt er a 9.8 0.2
(donat a 1.5 0.1
Orthoptera 0.6 <0,1
Thysanopt er a 0.2 <0.1
Hemi ptera 0.2 <0.1
Col eoptera 1.4 <0.1
Trichoptera 1.6 <0.1
Lepi doptera 0.2 <0.1
Diptera 17.3 <0.1
Homopt er a 0.6 <0.1
Hymenopt er a 3.0 0.1
Uni dentified Insecta 6.5 <0.1
OSTEI CHTHYES 52.1 76.0
Al osa sapi di ssi na 0.1 to.1
Sal noni dae 6.3 6.7
Oncorhynchus tshawytscha 3.0 5.1
Prosopi um williansoni 0.3 0.4
Sal moni d ( Non-whi t ef i sh) 1.1 0.8
Unidentified Salnonidae 2.1 0.4
Cypri ni dae 3.5 12.5
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Tabl e 7 (cont).

Ri chardsoni us bal t eatus 0.1 <01
Myochei | us caurinus 2.5 <0.1
Acrochei | us al ut aceus 0.5 11.4
Pt ychochel | us oregonensi s 0.5 0.9
Cat ost om dae 7.3 22.3
Cat ost omus spp. 7.3 22.3
Per copsi dae 11.6 9.8
Percopsi s transnontana 11.6 9.8
Centrar chi dae 0.9 0.2
Cottidae 21.4 23.4
Cottus spp. 21.4 23.4
Unidentified non-Sal moni dae 7.4 0.5
Unidentified Osteichthyes 5.2 <0.1
Larval Fish 10.7 0.8
OTHER FOOD 12.0 0.1
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Table 8. Mean nunber (x #) and percent wei ght (% W) of salnonid (SA)
and non-sal nonid (NSAL) fishes in the diet of smallnmouth bass
by predator length collected from John Day Reservoir, July,
1986. Lengths are mdpoints of 50 mm intervals. N = nunber
of digestive tracts analyzed; E = nunber of enpty digestive

tracts.

FORK X # X & % WI % WI
LENGTH (my N E SAL NSAL SAL NSAL
75 10 1 0.0 0.8 0.0 84.6
125 103 7 <0.1 0.6 0.8 45.5
175 289 19 <0.1 0.6 51 41.8
225 309 42 0.1 0.5 15.2 51.6
275 127 17 <0.1 0.8 6.9 77.3
325 65 10 to.1 1.0 2.0 88.7
375 36 7 0.0 1.0 0.0 97.8
425 15 5 0.0 1.0 0.0 98.9
475 1 1 0.0 0.0 0.0 0.0
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Table 9. Percent occurrence, percent weight, and nean nunber of food
items in stomachs of smallnouth bass by station from John Day
Reservoir, July 1986. Sanple size and nunber of empty
stomachs are in parentheses.

Dat e Food Item Per cent Per cent Mean
Cccurrence Wei ght Nunber

McNary tailrace Mol [ usca 0.8 to.1 <0.1
(124,161 Crustacea 25.0 1.0 0.4

I nsecta 34.6 0.8 0.8

Cst ei ct hyes 68.5 97.0 1.1

Sal noni dae 10.4 3.3 0.1

Non- Sal noni ds  58.1 93.7 1.0

O her Food 17.7 0.1 0.1

[rrigon Mol | usca 1.2 <0.1 to.1
(320,381 Crust acea 20.0 2.7 4.0

| nsecta 32.8 0.4 1.1

Cst ei ct hyes 68.7 94.7 1.2

Sal noni dae 10.3 8.2 0.1

Non- Sal nonids 58.4 86.5 1.1

G her Food 17.8 0.1 0.1

Arlington Mol | usca 0.0 0.0 0.0
(242,251 Crust acea 71.0 40.8 4.4

| nsecta 34.2 0.91 1.0

Cst ei ct hyes 41.7 58.1 0.7

Sal noni dae 1.6 1.4 to.1

Non- Sal noni ds  40.1 56.7 0.7

O her Food 7.0 <0.1 <0.1

John Day forebay Mol | usca 0.3 to.1 to.1
(269,301 Crust acea 79.1 37.2 8.9

I nsecta 31.2 1 2.0

Cst ei ct hyes 34.2 61.5 0.4

Sal noni dae 4.0 12.1 <0.1

Non- Sal monids  30.2 49. 4 0.4

Other Food 7.0 <0.1 <0.1
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Gastric evacuation experinents on smallnmouth bass were conpleted

in Septenber 1986 and the results will be reported in the 1987 Annual

Report .

Abundance and Distribution of Prey Fishes

Domi nant prey fish species sampled during July, 1986 were
generally simlar to those of 1985 (Palnmer et al. 1986). Largescale
sucker and crappies dominated the catch at backwater areas, while sand
roller and |argescal e sucker donminated at nmin channel |ocations (Table
10).

Variations in catch per seine haul indicated distibution patterns
simlar to those in 1985. H ghest catches of |argescal e sucker,
chinook salnon, and sand roller were near main channel |ocations in the
upper reservoir and catches of bridgelip sucker and chislemuth were
hi ghest near shore at John Day forebay. Highest catches of spiny-ray
prey fishes (sunfishes, crappies, and yellow perch) were observed at

backwater |ocations in the upper reservoir.

Reach Seine Efficiency Experinents

Ei ght een beach seine efficiency experiments were conducted during
April, My, June, and August, 1986; eight over a sand substrate and ten
over a mxed sand-gravel-cobble substrate. These data were conbined
with data collected during 1985 to inprove the nean efficiency

esti mat es.

23



ve

Table 10. Total catch and catch per haul (in parentheses) of prey fish (< 250 mm FL) collected with a beach
seine at all sampling locations in John Day Reservoir, July, 1986.

McNary McNary [rrigon John Day Total - Al'l
Speci es@ tailrace backwater Irrigon backwat er Arlington f or ebay | ocations
Chi nook sal nmon 68(11.33) 15(2.14) 113(14,13) 4(0.50) 8(1.33) 208(4.95)
St eel head trout 1(0.17) 1(0.02)
Mountai n whitefish 1(0.17) 1(0.17) 1(0.14) 3(0.07)
Chi sel mout h 32(5.33) 9(1-29) 3(0.38) 1(0.13) 16(2.67) 88(12,57) 149(3.55)
Peanout h 3(0.38) 3(0.07)
Northern squawfish 4(0.67) 21(3.00) 4(0,50) 6(0.75) 2(0.33) 3(0.43) 40(0.95)
Redsi de shi ner 50(8.33) 9(1.29) 1(0.13) 60(1.43)
Largescal e sucker 66(11.00)  73(10.43) 120(15.00) 29(3.63) 42(7.00) 46(6.57) 376(8.95)
Bridgelip sucker 12(2.00) 6(0.75) 4(0.67) 69(9.86) 91(2.17)
Sand roller 15(2,50) 19(2.71) 371146.38) 76(12.,67) 1(0.14) 482(11.48)
Sunfi shesh 11(1.57) 10(1.25) 21(0.50)
Smal | nout h bass 3(0.38) 2(0.25) 1(0.17) 1(0.14) 7(0.17)
Largenout h bass 2(0.25) 2(0.05)
Crappies® 1(0.17) 4(0,57) 22(2,75) 35(4,.38) 62(1.48).
Yel | ow perch 410.57) 4(0.50) 28(3.50) 36(0.86)
Prickly scul pin 4(0.67) 7(1,00) 16(2,00) 3(0.38) 8(1.33) 7(1.00) 45(1.07)
TOTAL 253 172 660 126 159 216 1586

a4 Scientific names for al

common names are

b Includes punpkinseed and bl uegill.

c Includes white crappie and black crappie.

given in Appendix Table 6.



Seine efficiencies for chinook salmn, suckers (Catostomus spp.),
crappi es (Pomoxis spp.) and prickly sculpin significantly differed
(P<O. ) over the two substrates (Table 11). The hypothesis of equal
efficiency for each substrate could not be rejected for chiselnouth,
northern squawfish, sand roller, sunfishes (Leponis spp.), snallnmouth
bass, and yellow perch. Therefore, a weighted nean efficiency estinate
was calculated for these species. An efficiency estimate over a coarse
substrate was not obtained for American shad, peanmouth, brown bull head,
and | argenouth bass (Table 11).

Sonme prey taxa are nore vulnerable to capture by seining than
others. The weighted mean percent efficiency estimates for chiselnouth
and northern squawfi sh were >70% indicating a high vulnerability to
capture, as were the estimates for chinook salnmon, peanouth, and
suckers when these species were captured over a fine substrate and
crappies captured over either substrate. Sand roller, sunfishes,
smal | nouth bass, and yellow perch were noderately vulnerable to capture,
efficiency estimates ranging from 40 to 70%  Chinook sal non and
suckers captured over a coarse substrate were also noderately
vul nerable with efficiency estimates of 56.6 and 47.7% respectively.
Prickly sculpin captured over either substrate and Anerican shad and
brown bul | head captured over fine substrates were |east vulnerable to

capture with efficiency estimates of less than 37%
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Tabl e 11. Mean percent seine efficiency and 95% confidence intervals (c.1.) for prey taxa captured over
fine (sand) and coarse (sand-gravel-cobble) substrates in John Day Reservoir, 1985 and 1986.
The results are back-transformed from normalized data. \Were no significant difference (t-test,
P<O Cb) exists between efficiency estimates for fine and coarse substrates, a weighted mean %
efficiency was cal cul at ed.

Fi ne Coar se Substrat es
Substrate Substrate Conbi ned
Veéi ght ed
Mean % 95% # of Mean % 95% # of Mean % 95%
Prey taxa? efficiency C 1. estimates efficiency C. 1. estimates efficiency Cl.
Anerican shad 36.1 20.9 6 -
chi nook sal mon 84.2 27.4 9 56.6 15.7 11
chi sel mout h 91.5 31.4 4 73.6 25.2 11 78.4 18.7
peanout h 95.7 15.5 12
northern squawfish 85.1 19.7 13 87.5 52.1 4 85.7 16.6
suckersP 76.7 20.1 16 47.7 20.6 14 *
brown bul | head 35.8 27.6 6
sand roller 46.6 22.2 14 30.6 31.0 6 41.8 16.7
sunfishes® 58.3 44.7 6 65.1 7.4 3 60.6 27.7
smal | mout h bass 59.7 36.3 7 28.7 29.4 5 46.8 21.4
| argenout h  bass 41.6 18.6 6 -
crappiesd 74.3 13.3 6 90.5 49.4 3 *
yel | ow perch 51.9 25.8 13 35.2 40.4 4 48.0 20.1
prickly sculpin 30.4 13.8 14 13.4 5.0 15 *
a Scientific names for all common names are given in Appendix Table 6.
b |ncludes |argescale sucker and bridgelip sucker.
€ Includes bluegill and punpkinseed.
d Includes black crappie and white crappie.
*

A significant difference (t-test, P<Q (b) exists between the nean efficience estimtes for the
two substrates.

Insufficient data were collected to obtain a nmean % efficiency.



Consunption Estimtes

Daily consunption estimates of juvenile salnmonids by northern
squawfi sh are presented in Table 12 for all years conbined (individual
years are in Appendix Tables 7-9). Peaks in salnonid consunption
occurred, during May and July which correspond to the tenporal peaks of
juvenile salnonid out-migration past McNary Dam  The consunption rate
of salnmonids is much greater during July than any other nonth,
especially in the McNary RZ where the highest overall estimate of 5.8
sal moni ds per predator (about 6% ration was observed during 1985.

The consunption of salmnids by walleye was variable by nonth and
years (Table 13), however a general increase was observed during the
juvenile salnmonid migration season. Data are missing in July due to
both the sanpling schedule and the distribution and behavior of the
species. This precluded estimating the overall seasonal nean
consunption rate for walleye. The analysis of the pooled data set
(1983-1985) i ndicates a maxi mumration of about 1.4 ng sal nonids/g
wal | eye during May and August. Total consunption of all preyfish by
wal | eye also varied by nonth with mnimumrates in April and subsequent
i ncreases (Table 13). Maxi mum consunption rate in John Day Reservoir
was observed during June and August, varying by year.

Prelimnary estimates of daily consunption rates of juvenile
sal moni ds by snallnouth bass for all years conbined indicate that
predation by this species is very low (Table 14). Simlar to walleye,
few smal l mouth bass were taken in the MNary RZ and few sal nonids were

consumed. Monthly estimates of daily consunption of salnmonids per
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Table 12. Daily consunption estinmates of juvenile salnonids and total prey fish by
northern squawfish (n 3,099) in John Day Reservoir during 1983-1985;
stratified by nonth for MNary tailrace restricted zone versus the
remai nder of the reservoir.

Station Daily

Consunption Consunption Estimate by Mnth  Seasonal
Statistic April May June  July  August Mean

Juveni | e Sal noni ds:

McNary Tailrace- Prey/ Predat or 0.189 0.575 0.337 5.775 0.396 1.454

Restricted Zone

(dam nmy/ g Predator 7.79 13.956 7.75 60.54 8.65 19.74

John Day Pool -
excluding MNary
Restricted Zone

g/ Predator

(Nunber of
Pr edat or s)

Prey/ Predat or
mg/ g Predat or
g/ Predator

(Nunber of
Pr edat or s)

9.275 14.920 8.513 62.214 7.319 20.45

(129) (220) (251) (74)  (299) (973)
0.036 0.233 0.076 0.744 0.069  0.232
2.35 991 2.77 16.57 2.87 6.89
1.617 7.629 1.817 12.446 1.468  4.995

(319) (646) (567) (34) (560) (2,126)

Total Prey Fish:

McNary Tailrace-
Restricted Zone

(dam

John Day Pool -
excluding MNary
Restricted Zone

Prey/ Predat or
nmy/ g Predator
g/ Predator
(Nunber of
Pr edat ors)
Prey/ Predat or
mg/ g Predator
g/ Predator

(Nunber of
Pr edat or s)

0.253 0.647 0.416 5.775 0.866  1.591
9.00 15.62 8.64 60.54 13.57  21.47
10.722 16.703 9.491 62.214 11.483 22.123
(129) (220) (251) (74) (299) (973)
0.124 0.338 0.172 0.798 0.406 0.368
4.57 12.76 571 17.17 7.15 9.47
3.148 9.825 3.755 12.987 3.652 6.673
(319) (646) (567) (34) (560) (2,126)
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Table 13. Daily consunption estimates of juvenile salnmonids (total prey fish
in parentheses) by walleye in John Day Reservoir during 1983-1985;
stratified by nonth.

Daily
Year Consunption Consunption Estimate by Month
Statistic April My June August
1983 Prey/ Predat or 0.015 0.063  0.193 0.153
(0.239) (0.693) (1.085) (0.482)
mg/ g Predat or 0.12 0.44 0.28 0.90
(2.23) (3.97) (8.77) (4.40)
1984 Prey/ Predat or 0.034 0.277 0.131 0.543
(0.2831 (1.137) (1.796) (2.936)
mg/ g Predator 0.29 3.50 0.73 3.98
(2.66) (11.62) (16.16) (15.55)
1985 Prey/ Predat or 0 0.058 0.058 0
(0.053) (0.462) (2.461) (2.293 )
ng/ g Predator 0 0.96 0.07 0
(0.14 (5.02) (23.55) (27.22)
1983-1985 Prey/ Predat or 0.020 0.112 0.118 - 0.218
(data pool ed) (0.208) (0.698) (1.550) - (1.204)
mg/ g Predator 0.17 1.40 0.39 - 1.37
(1.76) (6.13) (13.81) - (9.48)
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Table 14. Daily

consunption

esti nates of

juvenile salnonid smolts and total
in John Day Reservoir during

preyfish by smallmuth bass (n = 3, 846)

1983-1985;

versus the remainder of

stratified by nonth
the reservoir.

for

McNary tailrace restricted zone

Station Daily
Consunption Consunption Estimate by Mnth  Seasonal
Statistic April My June  July  August Mean
Juveni | e Sal noni ds:
McNary Tailrace- Prey/ Predat or 0 0 0 1.647 0.041
Restricted Zone
(dam my/ g Predat or 0 0 0 0.91 0.23
g/ Predator 0 0 0 0.433 0.108
(Nunber of () (9) (6) (o) (4) (21)
Pr edat or s)
John Day Pool - Prey/ Predat or 0.002 .009 0.021 0.0412 0.039 0.022
excluding MNary
Restricted Zone mg/ g Predator 0.003 0.04 0.27 3.07 1.84 1.05
g/ Predator 0.002 0.013 0.074 0.523 0.473 0.217
(Number  of (370) (1054) (1281) (167) (953) (3825)
Pr edat or s)
Total Prey Fish:
McNary Tailrace- Prey/ Predat or 0.606 0.256 0.157 3.294 1.078
Restricted Zone
(dam mg/ g Predator 3.13 3.42 0.88 1.58 2.25
g/ Predator 4.184 1.741 0.388 0.752 1.766
(Nunber of (2) (9) (6) (0) (4) (21)
Pr edat or s)
John Day Pool - Prey/ Predat or 0.245 0.366 0.652 1.302 1.545 0.822
excluding MNary
Restricted Zone mg/ g Predat or 4.82 8.47 17.64 60.08 36.18 25.44
g/ Predator 2.462 2.760 0.652 10.253 9.319 5. 089
(Nunber O (370) (1054) (1281) (167) (953) (3825)

Pr edat ors)
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predator in John Day Reservoir exclusive of the McNary RZ were al ways
l ess than 0.04 sal nonids per day. The highest salnonid consunption
general |y occurred during August (Appendix Tables 10-12).

Total prey fish consunption rates of smallnouth bass were
comparable to those of squawfish (mean nonthly daily ration ranged from
about 0.26 to 7.6 percent predator body weight per day). The maxi num

monthly consunption of prey fish usually occurred in August.

Ri st opat hol ogy of Juvenile Sal nonids

Thirty-one freshly ingested juvenile salnonids were renoved from
stomachs of northern squawfish and channel catfish collected in the
McNary tailrace RZ and 162 juvenile sal nonids were collected fromthe
river. Twenty-six of the freshly ingested sal monids were chinook
salmon and five were steelhead trout. Fork lengths of chinook sal non
and steel head col | ected ranged from 101 to 172 mm and 135 to 202 nm
respectively. Al freshly ingested salnonids and a sub-sanple of
juvenile salnmonids collected fromthe river are currently being

anal yzed by the National Fishery Research Center in Seattle.

DI SCUSSI ON

The abundance and conposition of prey itens in the diets of
northern squawfish, walleye, and smallnouth basss in 1986 were

generally simlar to those in other years.
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Sal monids were the single nost inportant food item of northern
squawfish at McNary tailrace during all sanpling periods every year
Simlar to results in 1984 and 1985, positive relationships between
northern squawfish length and piscivory were also found as fish
conprised a greater proportion of the weight of food items in the diet
of larger predators; no fish were found in the stomachs of northern
squawfi sh less than 100 mmin |ength.

In July 1986 the percent weight of salnonids in the diet of walleye
(23.7% was higher than in any nonth during previous years, although
the sanple size was low. Catches of walleye were highest every year
at McNary tailrace and Irrigon, low at Arlington, and only one was
caught at John Day forebay. Fish have accounted for nearly all of the
food (by weight) consumed by walleye every year studied

As in prevous years, juvenile salnonids contributed little to the
diet of smallmouth bass. Percent weight of salnonids in the diet was
greatest at Mnary tailrace and at Irrigon in npbst years. Fish
decreased in the diet in the Iower portion of the reservoir (Arlington
and John Day forebay) whereas crayfish increased.

Conposition of prey taxa in beach seine catches in July 1986 was
generally simlar to other years with largescale sucker, sand roller,
and chinook salmon dominating the catch. Total catch of prey fishes
was highest at Irrigon due to the large nunmber of sand roller taken
there

Results of beach seine efficiency studies conducted in 1985 and

1986 suggest that seine efficiency differs anong prey species and is
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influenced by substrate type. Chiselnmouth, crappies and northern
squawfi sh were very vulnerable to capture over both substrates;
chinook salmon, peamputh, and suckers were very vulnerable over only
fine substrates; sand roller, sunfishes, smallnmouth bass, and yellow
perch were noderately vul nerable over both substrates, and

prickly sculpin, Anerican shad, and brown bullhead were | east

vul nerable to capture.

Prelimnary estinates of consunmption rates of juvenile sal nonids
have been conpleted for walleye, northern squawfish and small muth
bass, 1983-1985. These data are prerequisite for estimating |osses of
juvenile salmnids to predators in the system and for the predation
dynanmics feeding ecol ogy nodel which is being developed jointly by
USFWs and ODFW Daily salmonid consunption rate estinates per predator
were relatively high for northern squawfish, noderate for walleye, and
low for smallnmouth bass. Maxinum daily consunption rates of 4.9
sal noni ds/ predat or (1985) and 5.8 sal noni ds/ predat or (1983-1985 pool ed)
which we estinated are conparable to the maxi mum nmean value of 5.8
sal noni ds/ predat or/ day observed for Sacranento squawfi sh (P. grandis)
at the Red Bluff diversion dam (Vondracek and Myle 1983). The total
daily rations estimated for predators in John Day Reservoir are
generally consistent with values docunented in the literature for
predacious fishes; i.e., fromO0.5 to 6.0% body weight per day (Swenson
and Smith 1976; Keast and Wal sh 1968; Thorpe 1977; Seaburg and Myl e

1976; Lane et al. 1979; Brett et al. 1969).

33



On an areal basis, salmonid consunption by northern squawfish is
hi ghest at the McNary Damtailrace RZ, in contrast to the other two
predator species which exhibit negligible inpact there. (n a tenporal

basis the highest consunption rates occur June-August with a pronounced

maxi mum for northern squawfish in July.
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Appendix Table 1. Algorithnms for calculation of digestion tine (hours)
derived from evacuation rate regression equations, for
wal | eye, northern squawfish, and snallnouth bass.

Val | eye:
< 1.1 g Prey Fish:

IF ORIGAGT(1) < 1.1 THEN DTIME3(1)=PCTDI G(K) - 42.375 + (.493 « MSI ZE(1)))
/| (5.62 « (EXP(1.1899 « (LOY TEMPTR) - LOG(20)))))

1.1 - 2.5 g Prey Fish :

IF CRIGAGT(1) > 1.1 AND ORIGAGT(1) <= 2.5 THEN DTIME3(1)= (PCTDIGI)
21.469 + (.149 * MBIZE(1)))/ (4.797« (EXP(1.1899 « ( LOG(TEMPTR) - LOG 14.5)))))

> 2.5 g Prey Fish :
IF ORIGAGT(1) > 2.5 THEN DTIME3(1)=(PCTDIG(I) - «279 + (,205 « MSIZE(I)))
[ (4.321* (EXP(1.1899 * (LOG TEMPTR) - LO3F14.5)))))

Northern Sguawfi sh:

.total grans evacuated - based on ratio of wgt. of individual prey item
I.E:VACTG(I)= EVAC*(I) « (SDMPON/ ORI GAGT(1) POW
:ingestion time of individual prey item
l;TIblE3(I)= EXP(( 6.6569 + LOG(EVACTG(I)) - .rerr e LOG(TMEAL(I))
- 1.4861 ¢ LOG(TEMPTR) - .2529 « LOG VEI GHT1) ) / .9254 )

Smal | nout h Bass

.total grans evacuated - based on ratio of wgt. of individual prey item:

EVACTG(I)= EVAC(I) * (SUMPOW / ORIGWGT(I) POW

.ingestion time of i ndividual prey item:

DTIME3(I)= EXP(( 8.038201 + LOG((EVACTG(I)+.01)) - .5224001 ¢ LOG(TMEAL(I))
- 1993 ¢ (TEMPTR) - .2517 e LOG(WEIGHT1) ) / 1.4372 )
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Appendi x Table 2. Algorithms for 90% digestion time (hours) derived

from evacuation rate regression equations, for
wal | eye, northern squawfish, and smallnouth bass.

Val | eye:

-

< 119 Prey Fish :

IF K=l THEN DTIME90(K)= ( 901 - 42.375 + (.493 ¢ MSIZE))/

: (5.62 * FXP(1.1899 * ( LOG(TEMPTR) - LOG(20) )))
1.1 - 2.5 g Prey Fish:

| F K=2 THEN DTIMESO(K)= ( 901 - 21.469 + (.149 «

MSIZE))/
(4.797* F. XP(1.1899 * ( LOG(TEMPTR) - LOE 14.5) )))

Nort hern Squawfi sh:

FOR K=l '10 11

DTIME90(K)= EXP(( 6. 6569 + LOG(EVAC90(K)) - 4344 « LOG(MEANMS(K))

-1.4861 * LOG (TEMPTR) - .2529 e LOG(WEIGHT1) ) / .9254 )

Smallmouth Bass:

FOR K=I TO 11

DTIMESO(K)= EXP((8.038201 + LOG((EVAC90*K)+.01)) - .5224001*LOG(MEANMS (K))
- .1993 * (TEMPTR) - .2517 * LOG(WEIGHT1) ) / 1.4372 )
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Appendi x Table 3. Meal size for walleye northern squawfish, and
smal | nouth bass in John Day Reservoir, stratified
by prey fish size groups.

WALLEYE 1983-85 (n=1132)

Prey fish
Size Goup Prey Wi ght Meal Size Mean Predat or
Range (g) (mg/q) Wi ght (q)
1 < 1.1 14.76 1147.3
2 1.1-2.5 17.46 1453.1
3 > 2.5 46.81 2086.6
SMALLMOUTH BASS N.  SQUAWFI SH
1983-85 1983-85
(n=3985) (n=3785)

Prey Fish Prey Weight Meal Size Meal Size

Size Goup Range (g) {(g) (g)
1 < =10 6.55 20.65
2 >10 - 20 19.30 39.10
3 >20 - 30 27.25 50.95
4 >30 - 40 37.56 69.84
5 >40 - 50 45.77 67.92
6 >50 - 60 59.81 78.39
7 >60 - 70 69.81 78.86
8 >70 - 80 97.67
9 >80 - 90 88.08 110.73
10 >90 -100 96.02 123.79
11 > 100 108.11 156.62
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Appendi x Table 4. Percent occurrence, weight andnean nunber of food itens
in digestive tracts of small northern squawfish (100-249
mm FL) by station, John Day Reservoir, June 30 to Aug 1,
1986. Sanple sizes and nunber of enpty digestive tracts
are in parentheses.

Station Food Item Per cent Per cent Mean
Qccurrence Wi ght Nunber
McNary tailrace Mol | usca 0.0 0.0 0.0
(3,0 Crust acea 66. 6 55.1 9.0
I nsecta 33.3 44, 8 39.0
Ost ei ct hyes 0.0 0.0 0.0
Sal noni dae 0.0 0.0 0.0
G her Food 0.0 0.0 0.0
I'rrigon Mol | usca 9.0 1.2 0.0
(11,3) Crust acea 18.1 14.5 1.0
I nsecta 12.7 84.2 2.7
st ei ct hyes 0.0 0.0 0.0
Sal noni dae 0.0 0.0 0.0
G her Food 0.0 0.0 0.0
Arlington Mol | usca NS NS NS
(1,11 Crust acea
I nsecta
st ei ct hyes
sal noni dae
G her Food
John Day forebay  Mllusca 0.0 0.0 0.0
(6,1) Crust acea 66. 6 81.4 98.0
I nsecta 33.3 14.3 1.5
st ei ct hyes 16. 6 3.9 0.2
Sal noni dae 0.0 0.0 0.0
G her Food 16. 6 0.2 0.2

NS = No sanpl e.
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Appendi x Table 5. Percent occurrence, weight and nean nunber of food items
in digestive tracts of small northern squawfi sh (100-249
mmFL) by sanple period fromMNary Tailrace, John day

Reservoir, 1986. Sanple sizes and nunber of enpty

di gestive tracts arein parentheses.

Date Food Item Per cent Per cent Mean
Cccurrence Wi ght Nurber
Apr 1 - May 1 Mol [ usca 0.0 0.0 0.0
(2,2) Crustacea 100.0 17.0 9.0
I nsecta 100.0 16.5 1.0
Cst ei ct hyes 0.0 0.0 0.0
Sal noni dae 0.0 0.0 0.0
O her Food 100.0 66. 3 1.0
May 2 - May 31 Mol | usca 0.0 0.0 0.0
(1,0) Crust acea 0.0 0.0 0.0
I nsecta 100.0 100.0 2.0
Cst ei ct hyes 0.0 0.0 0.0
Sal noni dae 0.0 0.0 0.0
G her Food 0.0 0.0 0.0
Jun 1 - Jun 29 Mol [ usca NS NS NS
(0,0) Crust acea
I nsecta
st ei ct hyes
sal noni dae
G her Food
June 30 - Aug 1 Mol | usca 0.0 0.0 0.0
(3,0 Crustacea 66. 6 55.1 9.0
I nsecta 33.3 44, 8 39.0
st ei ct hyes 0.0 0.0 0.0
Sal noni dae 0.0 0.0 0.0
G her Food 0.0 0.0 0.0

NS = No sanpl e.
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Appendi x Table 6. Common and scientific names of al

collected in 1985 and 1986.

Common nane

Scientific nane

Anerican shad

coho sal non
sockeye sal non

chi nook sal non

rai nbow trout
mountain whitefish
chi sel mout h

carp

peanout h

northern squawfish
speckl ed date
redsi de shi ner

| argescal e sucker
bridgelip sucker
channel catfish
brown bul | head
sand roller

t hreespi ne stickl eback
sunfishes
smal | nout h bass

| argermout h bass

crappi es
yel | ow perch
wal | eye

prickly scul pin

Al osa sapi di ssha
Oncorhynchus ki sutch
Oncor hynchus nerka
Oncorhynchus tshawyt scha
Sal no gai rdneri

Prosopi um williansoni
Acrochei lus al utaceus
Cyprinus carpio

Myl ochei | us caurinus

Pt ychochei | us oregonensis

prey fishes

Rhi ni cht hys oscul us
Ri chardsoni us bal t eat us

Cat ostonus nmacrochei | us
Cat ost onus col unbi anus
| ctal urus punctatus
I ctal urus nebul osus
Percopsi s transnontana
Gast erosteus acul eatus

Lepoms spp.
M cropterus dol om eu

M cropterus sal noi des

Ponoxi s spp.
Perca fl avescens

Stizostedion vitreum vitreum

Cot t us asper
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Appendi x Table 7.

Daily consunption
t ot al
Day Reservoir during 1983;

sal noni ds and
John
McNary

estimates of juvenile
preyfish by northern squawfish (n = 970) in
stratified by nonth for

tailrace restricted zone versus the renai nder of the

reservoir.
Speci es G oup/ Daily
Station Consunpti on Consunption Estinmate by Month
Statistic April My June  July  August
Juveni | e Sal noni ds:
McNary Tailrace- Prey/ Predat or 0.484 0.757 0.238
Restricted Zone (dam
mg/ g Predat or 16.72 7.30 5.90
g/ Predat or 14.573 5.92 3.921
(Nunber O ) (79) (65) (0) (94)
Pr edat or s)
John Day Pool - Prey/ Predat or 0.037 0.323 0.097 0.051
excluding MNary
Restricted Zone mg/ g Predat or 2.61 17.62 3.54 2.04
g/ Predat or 1.626 13.013 1.852 0.915
(Nunber of (197) (209) (163) (2) (159)
Pr edat or s)
Total Prey Fish:
McNary Tail race- Prey/ Predat or 0.528 0.826 - 0.778
Restricted Zone (dam
mg/ g Predat or 17.29 7.71 - 15.05
g/ Predat or 15.076 6.258 - 9.996
(Nunber of (2) (79) (65) (0) (94)
Pr edat or s)
John Day Pool - Prey/ Predat or 0.102 0.383 0.187 - 0.351
excluding MNary
Restricted Zone mg/ g Predat or 421 19.02 5.51 - 9.23
g/ Predat or 2.621 14.049 2.882 - 4.149
(Number  of (197) (209) (163) (2) (159)

Pr edat or s)
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Appendi x Table 8. Daily consunption estimtes of juvenile sal nonids and
total preyfish by northern squawfish (n = 1,087) in John
Day Reservoir during 1984, stratified by month for MNary
tailrace restricted zone wversus the remainder of the

reservoir.
Speci es G oup/ Daily
Station Consunpti on Consunption Estimate by Month
Statistic April My June July August
Juvenil e Sal noni ds:
McNary Tailrace- Prey/ Predat or 0.055 0.492 0.148 - 0.645
Restricted Zone (dam
mg/ g Predat or 1.96 10.02 4.53 - 15.30
g/ Predat or 2.061 11.084 5.074 - 13.050
(Nunber of (58) (64) (95) (0) (117)

Pr edat ors)

John Day Pool - Prey/ Predat or 0.066 0.181 0.065 - 0.089

excluding MNary

Restricted Zone mg/g Pr edat or 3.62 7.32 2.51 - 3.95
g/ Predat or 2.848 5.289 1.626 - 1.936
(Nunber of (48) (228) (213) (0) (264)

Pr edat or s)

Total Prey Fish:

McNary Tail race- Prey/ Predat or 0.137 0.551 0.240 - 0.970

Restricted Zone (dam
mg/g Predat or 3.49 11.99 5.72 - 18.39
g/ Predat or 3.681 13.255 6.417 - 15.689
(Number  of (58) (64) (95) (0) (117)
Pr edat ors)

John Day Pool - Prey/ Predat or 0.166 0.276 0.181 - 0.518

excluding MNary

Restricted Zone mgl/g Predat or 5.42 9.49 6.00 - 7.32
g/ Predat or 4.266 6.851 3.886 - 3.591
(Nunber of (48) (228) (213) (0) (264)

Predat ors)
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Appendix Table 9. Daily consunption estimtes of juvenile salnonids and
total preyfish by northern squawfish (n = 1,042) in John
Day Reservoir during 1985 stratified by month for MNary
tailrace restricted zone versus the reminder of the
reservoir.
Species G oup/ Dai |y
Station Consunpti on Consunption Estimte by Month
Statistic April My June  July  August
Juveni | e Sal noni ds:
McNary Tailrace- Prey/ Predat or 0.306 0.733 0.536 4.878 0.230
Restricted Zone (dam
mg/ g Predat or 11.81 14.70 12.57 51.14  3.00
g/ Predat or 15.536 18.267 16.064 52.552 3.097
(Number  of (69) (77) (91) (74) (88)
Predat or s)
John Day Pool - Prey/ Predat or 0.013 0.185 0.080 0.805 0.056
excluding MNary
Restricted Zone mg/ g Predat or 0.88 5.62 2.75 17.27 2.08
g/ Predat or 0.716 4.795 2.148 13.483 1.292
(Number  of (74) (209) (191) (32) (137)
Predat or s)
Total Prey Fish
MNary Tai | race- Prey/ Predat or 0.363 0.837 0.621 4.878 0.983
Restricted Zone (dam
mg/ g Predat or 12.78 16.85 13.43 51.14 7.75
g/ Predat or 16.808 20.939 17.161 52.552 7.990
(Number  of (69) (77) (91) (74) (88)
Predat or s)
John Day Pool - Prey/ Predat or 0.156 0.333 0.154 0.862 0.238
excluding MNary
Restricted Zone mg/ g Predat or 4,77 10.29 5.61 17.85 5.50
g/ Predat or 3.836 8.784 4.386 13.936 3.424
(Nunber  of (74) (209) (191) (32) (137)

Predat or s)
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Appendi x Table 10. Daily consunption estinmates of juvenile salnonids and
total preyfish by smallnmouth bass (n = 924) in John
Day Reservoir during 1983; stratified by nonth for MNary
tailrace restricted zone versus the remainder of the
reservoir.
Speci es G oup/ Dai l y
Station Consunpti on Consunption Estimate by Mnth
Statistic April  May June  July  August
Juveni | e Sal noni ds:
McNary Tailrace- Prey/ Predat or 0 - 0
Restricted Zone (dam
nmg/ g Predator 0 - 0
g/ Predat or 0 - 0
(Nunber  of (0) (6) (0) (0) (1)
Predat ors)
John Day Pool - Prey/ Predat or 0 0.010 0.020 0 0.009
excluding MNary
Restricted Zone mg/ g Predator 0 0.03 0.15 0 0.43
g/ Predat or 0 0.011 0.034 0 0.122
(Nunber of (126) (271) (227) (19) (274)
Pr edat or s)
Total Prey Fish:
MNary Tail race- Prey/ Predat or 0.250 - - 0
Restricted Zone (dam
nmg/ g Predator 2.81 - - 0
g/ Predat or 1.551 - - 0
(Number of 0 (6) (0) (0) (1)
Pr edat ors)
John Day Pool - Prey/ Predat or 0.126 0.383 0.761 0.136 0.920
excluding MNary
Restricted Zone nmg/ g Predat or 2.69 8.00 19.70 11.45 31.18

g/ Predat or 0.807 2.716 4.581 2.012 8.832

( Nunber of (126) (271) (22 7) (19) (274)
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Appendi x Table 11.

Daily consunption estinates of
t ot al

Da Reservoir
I\/b¥\lar

juvenile sal monids and
preyfish by smallnmouth bass (n = 1,246) in John

during 1984; stratified by nmonth for
y tailrace restricted zone versus the renainder

of the reservoir.

Species G oup/ Daily
Station Consunpti on Consunption Estinmate by Month
Statistic April My June  July  August
Juveni | e Sal noni ds:
McNary Tail race- Prey/ Predat or 0 0 2.686
Restricted Zone (dam
mg/ g Predat or 0 0 1.98
g/ Predat or 0 0 0.706
(Nunber  of (0) 2 (5) (0) (3)
Pr edat or s)
John Day Pool - Prey/ Predat or 0.011 0.007 0.009 0.032
excluding MNary
Restricted Zone mg/ g Predat or 0.01 0.03 0.124 0.76
g/ Predat or 0.008 0.011 o0.038 0.172
(Nurber  of (97)  (261) (543) (0)  (335)
Pr edat or s)
Total Prey Fish
McNary Tailrace- Prey/ Predat or 0.370 0.199 5.372
Restricted Zone (dam
mg/ g Predat or 7.71 1.11 - 3.45
g/ Predat or 2.953 0.491 - 1.227
(Nunber of (0) ) (5) (0) (3)
Pr edat ors)
John Day Pool - Prey/ Predat or 0. 383 0.319 0.452 - 2.174
excluding MNary
Restricted Zone mg/ g Predat or 4.77 4.77 10.70 33.19
g/ Predat or 3.811 1.765 3.27 - 7.477
(Nunber of (97) (261) (543) (0) (335)

Pr edat or s)
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Appendi x Table 12. Daily consunption estimtes of juvenile salnonids and
total preyfish by smallnmouth bass (n = 1,676) in John

Day Reservoir during

1985;

stratified by nonth for

McNary tailrace restricted zone versus the renminder

of the reservoir.

Speci es G oup/ Dai | y
Station Consunpti on Consunption Estimate by Mnth
Statistic April My June  July  August
Juveni | e Sal noni ds:
MNary Tail race- Prey/ Predat or 0 0 0
Restricted Zone (dam
my/ g Predator 0 0 0
g/ Predat or 0 0 0
(Nunber O (2) (1) (1) (0) (0)
Pr edat ors)
John Day Pool - Prey/ Predat or 0 0.009 0.043 0.056 0.077
excluding MNary
Restricted Zone mg/ g Predat or 0 0.05 061 4.19 4.35
g/ Predat or 0 0.014 0.159 0.713 1.168
(Nunber of (147) (522) (511) (148) (344)
Pr edat or s)
Total Prey Fish:
McNary Tailrace- Prey/ Predat or 0.610 0 0
Restricted Zone (dam
my/ g Predator 3.15 0 0
g/ Predat or 4.209 0 0
(Nunber of (2) (1) (1) (0) (0)
Pr edat ors)
John Day Pool - Prey/ Predat or 0.261 0.366 0.899 1.700 1.696
excluding MNary
Restricted Zone mg/ g Predat or 6.12 10.99 28.59 76.74 43.86
g/ Predat or 3.066 3.254 7.424 13.046 11.778
(Nunber  of (147) (522) (511) (148) (344)

Pr edat or s)
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